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t .  INTRQDUCTl* 

Z 1 Soma defects of turbutence models 

1, has bcomo cus4orn2ry amcng angincmrs and athQrs corrcerrrod 
with practical flow and .ieat-lrarPsfer prdlctlans to uso 'turbuience 
models'. lo seis of eqwallons whlch purport. when CQupled with 
the equations ol mean mutlon. to descrfbe such statlstldly 
slgntllcant properlies as the 'efiectlve viscostty'. "length scale' and 
*@mrgy'. Most frequently used are those models mploylng two 
partlal dlOferenllal equallons. the dependent varlabies of whlch are. 
for axzmplo. the turbulence energy. k. and Iho dlsslpatlocl rate (I. 

The 'inlermlttency' o# t W b U h t  flow. svldenl 10 all who look 
perceprlvely ala for emrnple. autornoblle-exhausl plumes. Is 
le31 out ol account. 
Attempts lo exlend the models to chemically-rsactlng flows 
haw had llclle succes5. because Ch6mlCsl reac01ans tako 
place In regtons 01 sXsep gradients which flnd no errpresslon 
In the equallons employed. 
Empirical and non-general corrections have had lo be made 
tu the *cMslanls' of the equatlons In order tu bring thelr 
prediclions Into tine wlth experlmenta? evldence regardtng the 
irrthmces OI mean-sstreamllne curvature and of lntsraellons 
balween graviiatlonel farces and' temperature gradlenk. 
The models are totally unable Is explain the 'unmlxlng' 
phenomenon whlch sleepens grsddlenrs d swage lDuid 
progmrtles ralher Shan dlmlnishlng them. 

In the vlew 01 the pressnt wrltw. the above deiecls have a 
common origln. namely neglscl ol Ihe 'spolllness' oZ (881 Wrbukli 
tiow3. ?he ques4lon tharefore So be dlscus$ed 1s: How can lhe 
major elfecIts 01 lhe 'spoltiness" ba described by a melhomatkal 
apparatus that 1s *Ill not too dabrate tor pracud use? 
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RQyfl0iddS: 
'Tho keat carrled oll . . 1s proporllonal Lo the rake a1 which 
parllcles or rnolecutes pass backwards end iorrararbs from the 
surface'. .Q Present author's Italics. ) 

PrandJ: 
*lt Is now necessary to make a usable hypathsslls for the 
mlxhg veloclty w. The Wmsverse momentum assoctated 
wUh this weloclty must be constaqtly destroyed by brakfng. 
and constanrly re-established'. I Presenl a ~ t h e r * s  iCalliss1 

I8 1s a consequence d lhls pre-occupation with rnlxlng that 
iurbuienP fluxes ot a scalar q m s l H t y  are alrnosi lnvarlably 
eugressed. by analogy wtlh Ffck's law ol dllludon and Fourfer's law 
of heat conduction. In terms ol the gradant of the corrcspcmdlng 
ttzlenslwe property- Thus, lor heat transfer. the law: 

, (1.2-1 1 

Sa cmbsdded I5 this nollon in current thlnking that, when 
axperlmenlal evldance becomes fncontrovertlble that the so-delfned 
Aeff Is negaatve. \he phrase "contra-gradlent dlftuslon' C Ref 31 is 
applled to tke-@ww.msnon , which Is regarded as anomalous. 

Cb) The slfthw phenomenon and tts Irnpllcallorrs 

The slfrlng process Is mast oaslly seen when surface lension kssps 
the two llulds apart. as when steam bubblers rise  from !he heared 
bartorn af a kellle,  Thls Is not an exchanne process: lor [he 
bubbles r i s e  conllnuously: yet It Is undoubledly assocmied wrth a 
flux a# onorgym 
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* i 1 .2-33 

661 Bubble rise in a saucep;rn 

In the phenomenon just rnenlioned. It 1s b’npurtant 80 emphaslse. 
Ihe vertkat-dlrecllon Oempetature gradlent 1s very Small: lor both 
steam and water are 81 the saturarfon temperature correspondlrrg to 
th& toea# prossure. whlch verrlas negltglbiy over the smalt helght 
change 
Nor can enthalpy or concenlratlon gtadienls account lor the bubble 
mdlon: f o r  Ihe bubbles ace movtng towards the raglan ut highest 
steam conclenlrellon- namely the top part al the saucepan. not 
away from It.  The t8uM enthalpy 8-s Is ol c o u r s e  higher than at 
Ihe b l 1 O r n .  

(M) Rlse of sma,ke In a rcum 

1f a llre starts on the floor- !n the CQWMSF uf a room, flames and 
smoke r lse  In a lurbulent mantailt, Oflen brmlng a plums of smoke 
withln whlch the naked aye can distlngulsh fragments d smoky gas 
separitled by less opaque bodies ol clear alr: yel the 4aysr of 
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qui) Boundarv lavers on cunvd surfaces 

When a turbulent boundary layer encounters and #lows over a 
conwex Swrlace, the pressure gradient along the normal to the 
surface is paslUve. As a consmquencu, fragments 6 1  Ctuld which 
are llowlng at a greater-??an-average vefoclty are flung' outward. 
whlig slluwer fragmgnts are forced towards the wall, There Is 
therefore. from this cause. a momentum tranaler outwards. 
towards the regbn of higher veiocity. 

Tho momentum flaw Is reversa when the curved surface Is 
concave: fur the htgher-veloclty bagmenas move lowzrds ?he wall. 
Tho mameiturn flux assackited wl€h slftlng has, In this case, the 
sa- sign as that assoelated with turbulent mlxhg. 

tlwl F l ~ w  In a cyclone 

Thls sleady Wander of kln8Hc energy tu tho outsfde Is presumably 
the reuson for  Ohm obssrvatlon that. tn the Pangue-Hlisch tube 
<which Is 8 klnd of cycIune), &a larger-diameter cylindrtcai wall 
b m e s  much hotter than t#a sma0lsr-diarne~er one. 

When a pre-rnIxud cornbustlble gas burns wlthln a duct, the 
density osductlan occaalaned by the exothwmIc reacllon occasions 
8 redurtlon In pressure with Increase In distance along the duct. 
Thb pressure gradleiat bauses IZPa Ilghter burned gas to accelerate 
tnura than the heavier unburned gas. the former is tfrerefore 
"slCled' lawards lhe ducl oulfet. where howwer t h e  average 
temperature Is the hlghsst. Thla is one of he best-docurnenled 
oxarnptes of 'coUnIG#r-gradhtl dlflusion' : and measurements have 
clsmriy revealed the fact that the hat-gas Iragmems have hlghw 
We(OclIh3S ?ban me Cold-gas Ones [Refs 3.4.51 . 
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Equalton <1.2-61 Is easy to Interpret: tile first term on the 
rtght-hand srda represents the transfer of + by the average mass 
rnotlon: and the second term represents the ssltlng conlrlbution. 

Furlhar swarnlrrallon ol that term s h o w s  that I 8  8s Iinaarty dependent 
upoh u and on - ~ 3 .  and atso upon the product r l r 2  The 
latter. by reason of eguatlan 4 1.2-101. falls to zero when either 
c~mporrent is absent. as ts readlty undleerslaocd. 

As wHI be expblned In the next saction. the rnagnltudo ol U can 
be computed by sdvlng mornenlum eqtratfrns mr uf and u2 
separately. and then subtracting, Mwmdwer. an approximate 
formufa can be obtalnsd by neglecting all lhe terms in the 
momentum equations exceut the ppessurs gradient. the body-lome 
acceleration a, and the ntadluld friction. as fottows. T h e  
momentum equaldons cocIuce I#: 
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Flgure 2.3-3. 

(a) Skstch 01 a tube containlrrg an lnlersperslon of hog 
eombustlon products In coder pre-mixed combustible gas. 
Inlllally both gases flow at equal valsd4y from le l t  eo right: 
then a valva at the rtght-hand er~d closes. sencling a 
# 3 f W S U r s  W a y 8  8bn9 th.8 duct. Combustion b thereby 
Inlenslllsd I 

4bl Skstch of the pressure and combuslton wave trajeclorles on 
a distance-time plane. 

to) Skatch of Instaat4me0us pratllgs ol pressure p. Interlluld 
mass-lrmsier rale m ,  cold-gas velclly u 1. and hot-gas 
velocity u2. 1 ms alter closlrrg of tho valve. 
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* 

r'rgure 2.3-4. The llarne ol Ftg 2.3-3, 0 . 2  mllllsecondm sller the 
cla3ure OI t h a  rlght-hand and. 
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Flguro 3.34. The frame 01 F ~ Q  2.3-3. 0.6 mllllseconals alter 
Closure ol the rlsht-hand end. 

I 

I 

Flgure 2.3-7 
closure 01 the rlghl-hsrtd end. 

The ((arne of Flg 2.3-3. €I 8 aillllseooagls alter 
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F ~ Q W  2.3-e. Qttlrltwttons of pressuro. velmitlea. the 
mast-transfer rate and other quantlrhs, 1 mlllfsscond alter 
rlghl-hand-end closure. 


